Hypoxia regulates the level of glutamic acid decarboxylase enzymes and interrupts inhibitory synapse stability in primary cultured neurons.
Gamma-aminobutyric acid (GABA) is the main neurotransmitter of inhibitory synaptic transmission, which is critical for oscillatory activity and synchronization of neurons in neural networks. GABA is synthesized by glutamic acid decarboxylase (GAD) enzymes in the inhibitory neuron and, thus, the deregulation of GAD enzymes and subsequent change of GABAergic activity are involved in various neurological and neuropsychiatric diseases. Under hypoxic conditions, neurons undergo neuropathological alterations which can be subtle or severe. Many studies have focused on the alteration of excitatory neurons by hypoxic injury, while inhibitory neuronal changes have not been well determined. Here, we demonstrated that hypoxic conditions decrease the expression of inhibitory neuron-related proteins, including GAD enzymes, through transcript downregulation and proteasomal degradation. Hif-1α induction and glutamate release under hypoxic conditions were implicated in the mechanism of GAD enzyme level reduction. Surprisingly, these conditions altered the density and size of inhibitory synapses, which was irreversible by reoxygenation, but was mediated by glutamate activity. Our findings suggest that potential implication of the compositional and structural alterations of inhibitory neuron in the pathogenesis of various hypoxic injuries.